Abstract. Epidermal growth factor receptor-tyrosine kinase inhibitors (EGFR-TKIs) are an effective treatment for advanced non-small cell lung cancer. The objective of the present study was to compare the efficacy of gefitinib and erlotinib in patients with pulmonary adenocarcinoma, whose tumor EGFR mutation status was known. Pulmonary adenocarcinoma patients who began receiving gefitinib or erlotinib treatment from January 2005 to December 2010, and whose tumor EGFR mutation status had been determined, were included. Clinical data, type of treatment response and survival time data were collected. Of the 224 patients enrolled, 124 received gefitinib treatment and 100 received erlotinib treatment. Of these patients, 146 individuals had tumors with EGFR-activating mutations (exon 19 deletions and/point mutation of L858R in exon 21) and 78 did not. There was no difference in treatment response whether or not the patients had tumors with EGFR-activating mutations at the time they received gefitinib or erlotinib treatment. The median progression-free survival (PFS) of the gefitinib and erlotinib groups was 7.6 and 7.9 months, respectively (p=0.4731). PFS was significantly longer for patients without EGFR-activating mutations who received erlotinib treatment (n=48; median, 4.5 months) than for those who received gefitinib treatment (n=30; median, 2.3 months), with a hazard ratio of 0.58 (95% CI, 0.35-0.96; p=0.0339). Patients whose tumors had EGFR-activating mutations displayed no difference in PFS with either gefitinib (n=94; median, 10.5 months) or erlotinib treatment (n=52; median, 10.4 months). In conclusion, PFS showed no difference with either agent in patients whose tumors had EGFR-activating mutations, but was significantly longer in patients whose tumors did not have EGFR-activating mutations when receiving erlotinib treatment.
Introduction
Worldwide, lung cancer is the leading cause of cancer mortality (1) . Major progression in understanding molecular cancer biology and in determining the mechanisms of oncogenesis during the last decade has resulted in the development of molecular targets for non-small cell lung cancer (NSCLC) treatments. Inhibition of the epidermal growth factor receptor (EGFR) pathway with tyrosine kinase inhibitors (TKIs), such as gefitinib and erlotinib, provides an effective and promising treatment for NSCLC, as either first-line or salvage therapy, with the added advantage of improved efficacy, tolerability and quality of life compared with other chemotherapy agents (2) (3) (4) (5) (6) (7) (8) (9) . It has been demonstrated that a subset of patients (female, never smoked, East Asian with an adenocarcinoma diagnosis) may respond better to EGFR-TKIs. A higher prevalence of sensitive EGFR-activating mutations (deletion in exon 19 or point mutation of L858R in exon 21) has been found in this subset of patients (10) (11) (12) .
Gefitinib and erlotinib were each compared with a placebo in phase III randomized trials (ISEL and BR.21, respectively) in which the majority of enrolled patients were Caucasian (2,3). The varying overall survival outcomes with these two drugs compared with the placebo were widely debated, although gefitinib demonstrated a significant survival benefit in a subgroup of patients of Asian origin (4) . There are many possible reasons for this difference in survival, including the most frequently mentioned -that the dose intensity or drug concentrations are higher in patients receiving erlotinib treatment than in those receiving gefitinib treatment (13) (14) (15) (16) (17) . Phase III, randomized trials comparing gefitinib or erlotinib with docetaxel or pemetrexed have been performed, but the superiority of one agent over the other has not been documented (5, 18, 19 1 and JACQUELINE WHANG-PENG study performed based on the tumor EGFR mutation status. In the present study, we retrospectively evaluated the difference in efficacy between these two agents in Taiwanese patients with advanced adenocarcinoma, whose tumor EGFR mutation status was known. The aim of the study was to identify any difference in the efficacy of these agents in patients with or without EGFR-activating mutations.
Methods and materials
Patients. This study was approved by our Institutional Review Board (VGHIRB 2011-04-0151A [18] [19] [20] [21] were amplified and uncloned polymerase chain reaction (PCR) fragments were sequenced and analyzed in both sense and antisense directions for the presence of heterozygous mutations. Normal, control DNA provided by the ABI company was used for wild-type control. All sequence variations were confirmed by multiple, independent PCR amplifications and repeated sequencing reactions. EGFR-activating mutations were defined as those with exon 19 deletions or point mutation of L858R in exon 21.
Statistical analysis. All categorical variables were analyzed with Chi-square tests. Median PFS and overall survival were estimated using the Kaplan-Meier method and log-rank test. Hazard ratios (HRs) in the overall population and in patient subsets were calculated using the Cox proportional hazards model. All p-values were 2-sided and a value of <0.05 was considered to be statistically significant. All statistical analyses were performed using SPSS software (SPSS Inc., Chicago, IL, USA).
Results

Patients.
A total of 224 patients who received EGFR-TKI treatment and whose tumor EGFR mutation status was known were enrolled; of these, 124 received gefitinib treatment and 100 received erlotinib treatment. Since 2 to 4 weeks are required for the results of tumor EGFR mutation analysis to be available, a large proportion (>90%) of the patients commenced gefitinib or erlotinib treatment before these results were known. Of the 224 patients, 146 had tumors with EGFR-activating mutations (96 exon 19 deletions alone, 41 L858R mutations, and 9 with both exon 19 deletions and L858R mutations) and 78 did not (15 atypical mutations in either exon 18, 20 and/or 21, and 63 wild-type).
Although more male patients received erlotinib treatment and more patients who never smoked received gefitinib treatment, there was no statistically significant difference in gender, smoking, performance and treatment response between the patients who received either treatment. However, more patients with EGFR-activating mutations received gefitinib than erlotinib (p<0.001; Table I ). With regard to the activating mutation incidence in relation to the clinical predictors commonly used, males had a 67.6% mutation rate and females had a 62.9% mutation rate (p=0.486); non-smokers had a 66.7% mutation rate, while smokers had a 61.3% mutation rate (p= 0.531). EGFR-TKI was the firstline treatment in 75 patients, second-line treatment in 126 patients, third-line treatment in 3 patients and fourth-line treatment in 1 patient.
Treatment response. There was no difference in the type of response between the 2 agents (p=0.141). Patients with the best partial response, stable disease, or progressive disease during treatment were the following: 52 (41.9%), 46 (37.1%) and 26 (21%), respectively (among 124 patients who received gefitinib), and 42 (42%), 27 (27%) and 31 (31%), respectively (among 100 patients who received erlotinib). The objective response rate to EGFR-TKI was similar between patients who received gefitinib or erlotinib (41.9 vs. 42%, p=1.000; Table II ). When treatment response was classified according to tumor EGFR mutation status, 78 out of 146 patients (53.4%) with EGFR-activating mutations had a partial response to EGFR-TKI treatment, while only 16 out of 78 patients (20.5%) without EGFR-activating mutations responded to the treatment (p<0.001).
When the type of treatment response was classified according to the EGFR mutation status and EGFR-TKI treatment was used, there was no significant difference in patients with EGFR-activating mutations who received gefitinib or erlotinib. In addition, there was no significant difference in patients without EGFR-activating mutations, other than erlotinib, which had a numerically higher response rate than gefitinib among these patients, with borderline significance (p=0.064; Table II ).
PFS. There was no difference in PFS between the 124 patients treated with gefitinib (censor, 28) and the 100 treated with erlotinib (censor, 25) (median, 7.6 vs. 7.9 months; HR, 0.89; 95% CI, 0.66-1.21; p= 0.4731) (Fig. 1) . PFS was significantly longer in the 146 patients (censor, 40) whose tumors had EGFR-activating mutations than in the 78 patients (censor, 13) whose tumors did not have EGFR-activating mutations (median, 10.5 vs. 2.5 months; HR, 0.48; 95% CI, 0.35-0.66; p<0.0001). There was no statistically significant difference in PFS between males and females, and between EGFR-TKI used as first-line or later lines of treatment. However, PFS was significantly different in patients with different staging statuses and varying PS (Table III) .
The Cox-regression test for multivariate analysis of PFS, including EGFR mutation status (with or without activating 1, 2, 3 or 4) , staging (IIIB or IV) and present line of treatment (first-, second-, third-or fourth-line), revealed that only tumors with EGFR-activating mutations (HR, 0.37; 95% CI, 0.25-0.53; p<0.0001) and PS (p<0.0001) had a statistically significant effect on PFS.
When an EGFR-TKI regimen was administered to the patients whose tumors had EGFR-activating mutations, there was no statistical difference in PFS between the 94 patients (censor, 26) who received gefitinib and 52 (censor, 14) who received erlotinib (median, 10.5 vs. 10.3 months; HR, 1.22; 95% CI, 0.82-1.83; p=0.3224; Fig. 2 ). When EGFR-TKI was administered to the patients whose tumors did not have EGFR-activating mutations, the 48 (censor, 11) who received erlotinib had a significantly longer PFS than the 30 (censor, 2) who received gefitinib (median, 4.5 vs. 2.3 months; HR, 0.58; 95% CI, 0.35-0.96; p=0.0315; Fig. 3 ).
Overall survival analysis revealed no survival difference in patients with EGFR-activating mutations who received either gefitinib (n=94; censor, 54; median, 26 months) or erlotinib treatment (n=52; censor, 40; median, not reached) (HR, 0.49; 95% CI, 0.36-1.22; p=0.2728; Fig. 4A ). There was also no survival difference in patients without EGFR-activating mutations who received either gefitinib treatment (n=30; censor, 14; median, 8.6 months) or erlotinib treatment (n=48; censor, 31; median, not reached) (HR, 0.58; 95% CI, 0.26-1.14; p=0.1104; Kaplan-Meier analysis and log-rank test. PFS, progression-free survival; EGFR, epidermal growth factor receptor; TKI, tyrosine kinase inhibitor. Figure 1 . Kaplan-Meier analysis of progression-free survival (PFS) by treatment agents. PFS did not differ in the 124 gefitinib-treated patients (censor, 28; median, 7.6 months) compared to the 100 erlotinib-treated patients (censor, 25; median, 7.9 months) (p=0.4731; HR, 0.89; 95% CI, 0.66-1.21). HR, hazard ratio. Fig. 4B ). Overall survival could not be interpreted due to the inadequate number of deaths.
Discussion
Treatment with one of the EGFR-TKIs, gefitinib or erlotinib, has become an important option for patients with advanced NSCLC. The tumor EGFR mutation rate is approximately 3 times more prevalent in Asian patients than in Caucasians. An effect on overall survival in genotypically uncharacterized NSCLC patients was observed with erlotinib (BR.21 trial) (3), but not gefitinib (ISEL trial) (2), although the response rates were similar. Several possible explanations have been offered, and the focus has mainly been on the suboptimal dosage of gefitinib (17) . Erlotinib was administered at its maximum tolerated dose (MTD), while gefitinib was administered at approximately one third of its MTD (13) (14) (15) (16) . Erlotinib treatment may be more efficacious than gefitinib in EGFR-wild type or atypical mutated lung tumors, since erlotinib inhibits the activity of wild-type EGFR-TKI in tumor cells at 50% inhibitory concentrations of 2-20 nmol/l. By contrast, several-fold higher drug concentrations of gefitinib are required to block wild-type or atypical mutated EGFR signaling (21) (22) (23) (24) . This result was supported by evidence from patients lacking EGFR-activating mutations who still achieved a benefit from erlotinib following failure of gefitinib treatment (25) . By contrast, for patients or cell-lines 
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with EGFR-activating mutations, such as exon 19 deletions and exon 21 L858R point mutations, both gefitinib and erlotinib are highly effective (26, 27) . Clinical data from a recent molecular analysis of the BR.21 trial also demonstrated that the survival impact of erlotinib was not confounded significantly by tumor cell EGFR mutation status (28) . Furthermore, the SATURN trial, which tested maintenance erlotinib following chemotherapy revealed that PFS and overall survival were prolonged in patients with or without EGFR-activating mutations (29) . These results suggest that erlotinib treatment is beneficial, irrespective of EGFR mutation status. The present study revealed a better response rate and PFS in patients whose tumors had EGFR-activating mutations. In addition, response rate and PFS did not differ in patients with EGFR-activating mutations, regardless of whether they received gefitinib or erlotinib. These findings are compatible with cell line findings of hypersensitive cell lines with EGFR-activating mutations responding well to both agents (26, 27) . Multivariate analysis also revealed that having, or not having, an EGFR-activating mutation is a significant prognostic factor for PFS, while the type of EGFR-TKI used is not a significant prognostic factor. Our previous findings of a similar response rate, better disease control rate, longer PFS and overall survival, in a multi-center, retrospective analysis of NSCLC patients with unknown tumor EGFR mutation status, were again partially documented in the present study. There was an improved response rate and longer PFS in patients without tumor EGFR-activating mutations (17) . This effectiveness in patients without EGFR-activating mutations is supported by cell line findings and is also possibly due to the higher dose intensity of erlotinib than gefitinib.
Since the EGFR-activating mutation rate was high, up to 67.6% (73 out of 108), in the male patients in our study and in 61.3% (38 out of 62) of patients who were smokers, and both clinical characteristics were considered to be poor clinical predictors for EGFR-activating mutations, all of our Taiwanese or Chinese adenocarcinoma patients should receive tumor EGFR mutation analysis.
This study had several limitations, such as the retrospective study design with its inherent potential for bias, and the fact that no toxicity profiles were reported. It was considered that there may be some differences in the frequency of adverse effects between the two agents due to varying dose intensities.
In conclusion, there was no difference in treatment response rate when one or the other agent was administered to patients with tumors either with or without EGFR-activating mutations. PFS also did not differ with either agent in patients whose tumors had EGFR-activating mutations, while PFS was significantly longer for patients receiving erlotinib treatment whose tumors did not have EGFR-activating mutations. Thus, both agents may be used in patients whose tumors have EGFRactivating mutations with similar efficacy, but not in patients whose tumors do not have EGFR-activating mutations; for these, the treatment should be erlotinib.
